Percutaneous Transforaminal Endoscopic Discectomy is a minimally invasive surgery with little pain, less blood loss, less hospital stay and the surgery can be done in local anesthesia, which was started during late 20 th century. Kambin and Gellmann in 1973 in the United States and Hijikata in Japanin 1977 individually preformed posterolateral percutaneous nucleotomy for the resection of the nucleus pulposus and release of compressed exiting nerve root, which is now spreading through the world and many surgeons are developing their skill but it needs experience and patience for successful outcomes. Along with advanced instruments now the surgery can be performed only giving a small skin incision of 8 -10 mm and is as effective as the conventional method of surgery and open microdiscectomy surgery for the treatment of symptomatic lumbar disc herniation. In this review, we are explaining the technique of minimally invasive Percutaneous Transforaminal Endoscopic Discectomy surgery along its advantages and complications which can be encountered while performing this technique.
Introduction and History
A spinal disc herniation [1] is a medical condition affecting the spine in which a tear in the outer fibrous ring R. S. Gupta et al.
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(annulus fibrosus) of an intervertebral disc allows the soft, central portion (nucleus pulposus) to bulge out beyond the damaged outer rings of annulus firbosus, causing mild to severe pain, paresthesia & paralysis of the limbs. Lumbar discherniation (LDH) is a common orthopedic disease which causes medical and economic burdens to families, society and country [2] . Figure 1 shows the bulging of nucleus pulposus and compression of the nerve which causes lower back pain and Figure 2 is a typical magnetic resonance imaging (MRI) of a herniated nucleus pulposus (HNP). Most patients with lumbar disc herniation get better with conservative treatment but some groups of people need surgery to get relief from pain and other symptoms.
Surgery for lumbar disc herniation can be divided into two main groups: Conventional (Traditional or open) versus minimally invasive and posterior approach versus posterolateral approach. The conventional method for treating LDH includes laminotomy, flavectomy, and dissection of the HNP fragment. Mixter and Barr in 1934 [3] for the first time they introduced the treatment of lumbar disc herniation surgically by performing an open laminectomy and discectomy which was also known as love's technique. In late 20 th century, some surgeons begin to treat the LDH by minimally invasive procedure by the introduction of different angled microscope. Caspar and Yasargil were the two authors who changed the open laminectomy into open microdiscectomy [4] . Foley KT, Smith MM [5] and Destandeau [6] developed the technique to access the HNP through the interlaminar space i.e. via the interlaminar approach, by further development in the utilization of a spinal endoscope and tubular retractor, which in recent days is known as microendoscopic discectomy (MED). In MED, a microscope is used and the HNP is approached through the posterior direction instead of transforaminal approach. Kambin and Gellmann in 1973 [7] in the united states and Hijikata in Japan in 1977 [8] individually preformed the posterolateral percutaneous nucleotomy for resection of the nucleus pulposus and release of compressed nerve root without direct visualization and later in 1983, Fost and Housman reported the direct visualization of the intervertebral disc space with a modified arthroscope which is now known as percutaneous endoscopic discectomy (PED) or percutaneous transforaminal endoscopic discectomy (PTED) [9] . Thanks to their efforts for developing the spinal instruments for endoscopic lumbar surgery through foraminal space. Percutaneous endoscopic discectomy has been established as a minimally invasive surgery and is spreading throughout the world. Many other authors also have developed new techniques such as "percutaneous discoscopy" a biportal endoscopic posterolateral technique with modified instruments for direct view, current single portal endoscopic discectomy was developed by Yeung et al. [10] - [12] . Mayer introduced the concept of percutaneous endoscopic laser discectomy combining forceps and laser for the treatment of LDH. Nowadays minimally invasive surgery has gained the attention of many surgeons and has become a subject of growing interest. The aim of minimally invasive technique is to provide less trauma and minimal postoperative pain to the patient of lumbar disc herniation without producing iatrogenic morbidity, which is usually associated with open surgical techniques. Eventhough this technique (PTED or PED) is getting more and more popular and is gradually increasing the number of surgeons but still now there are only few active PED surgeons, because to perform this surgery it needs many years of training and patience. This technique is purely used to treat the diseases of lumbar region disc herniation at different level and in this review article we are going to know about the technique of percutaneous transforaminal endoscopic discectomy in the treat of lumbar disc herniation (LDH).
Surgical Technique
For the treatment of lumbar disc herniation surgically, patient are selected according to the result of their radiological investigations such as magnetic resonance imaging (MRI), computed tomography (CT), physical examination, suitable for local anesthesia and failure of conservative treatment. The patient is kept in prone position on a standard radiologically compatible spine table and well-padded at the pressure points ( Figure 3 ). All the instruments are kept ready along with C-arm image intensifier. Careful documentation of the admitting lumbar site is taken and the cannula insertion point is determined before surgery from the CT and MRI. The procedure can be done under local anesthesia or intravenous sedation but most surgeons like to do under local anesthesia. After preparing and draping the site for operative procedure according to the hospital's usual sterile fashion the surgeon gives the local anesthesia, mostly 1% lidocaine is given at the distance of 8 to 12 cm from the midline (Figure 4) , although the distance varies from patient to patient but in general pattern it is about 8 cm in thin patient and greater in fat patients from the midline. For this procedure it requires about 10 to 15 ml of lidocaine. After giving the local anesthesia the surgeon uses a 25 cm 18 gauge needle to advance and place it in the disc space through safety triangle or Kambin's triangle ( Figure 5 ). The insertion of the needle is by walking technique which prevents injuring the nerve root coming out from the cranial side of the intervertebral foramen (Figure 5) , the walking technique is performed under the visualization taken by C-arm image intensifier in two plane anterior-posterior and lateral view, the puncture needle is firstly kept on the caudal pedicle and then using the walking technique, the needle is safely inserted into the intervertebral disc. Next step after insertion of the needle at the proper site is to dye the nucleus pulposus and the herniated mass by using indigo carmine, after dyeing the nucleus pulposus changes to blue color but the annulus fibrosus stays white because it doesn't stain with the dye but the epidural space is red due to the presence of vessels (Figure 6(a), Figure 6(b) ).
The difference in the color allows the surgeon to easily identify the herniated mass and to safely remove it. After this, a guide pin is inserted through the puncture needle into the intervertebral disc and then the obturater and the cannula are inserted after giving an 8 to 10 mm of skin incision (Figure 7) . The herniated mass is removed by inside-out technique and hand down technique after the insertion of the cannula through the interforaminal space. To know the complete removal of the herniated mass the cannula is moved towards the epidural space and the pulsation if the Dural tube is felt, which is a confirmatory indication of decompression. After the removal of the herniated nucleus pulposus and decompressing the nerve, all the instruments are removed carefully, if there is bleeding at the insertion point then it is stopped by pressing on it for few minutes and then a single or two skin stiches are given at the incision point (Figure 8) . A sterile dressing is use to cover the stich site. 
Post Surgical Schedule
The patient can start walking and standing after 1 -2 hours, if one has no feeling of numbness but if he feels numbness then rest is mandatory. Some patients' feels numbness after the surgery and it is due to the infiltration of the local anesthesia (lidocaine) in the exiting nerve. Nowadays, in some hospitals this surgery is done as an OPD procedure and the patient is discharged on the same day but usually the patients are discharged 1 to 3 days after surgery. Patient is allowed to work in their office or to do minor works 4 -5 days after surgery and heavy works such as lifting things 6 -8 weeks later from the day of surgery to prevent the recurrence of disc herniation. Sports activity is also allowed after 6 to 8 weeks later. Patients were given antibiotics 1 to 3 days post-operatively to prevent infections and pain relieving medication to prevent from post-operative pain.
Surgical Indication

Intracanalherniated nucleus pulposus (HNP) at L1/2 to L4/5 without migration and with migration:
HNP without migration is a good indication for PTED but migrated HNP also can be treated by PTED using additional technique known as Pediculotomy, which is a technically demanding surgery and is able to remove the upward and downward migrated HNP [13] . For more hidden migrated HNP Dezawa et al. introduced the translaminar surgical procedure which is done along with PED [14] .
IntracanalHNP at L5/S1 level with a high iliac crest:
As reported by Yeung and Tsou [11] most of their cases (50%) were operated at the L5/S1 level, which is known as "high iliac" cases, in which the iliac crest hinders the insertion of the cannula in the intervertebral disc through interforaminal space that is why it is not possible to operate at that level according to the standard technique. For this problem Lee et al. [15] introduced a new technique known as froaminoplastic approach, which allows the insertion of the cannula in the intervertebral space by enlarging the intervertebral foramen by foraminoplasty.
Far-lateral HNP:
For far lateral HNP the cannula can be directly inserted on it and can be easily removed under local anesthesia, there is no need to insert the cannula through the interforaminal space. Far lateral HNP can be removed at any level through posterolateral approach [16] [17] .
Recurrent HNP:
Recurrent HNP is very difficult to perform surgery through love's method or micro love's method due tissue scarring and adhesion of the nearby tissues to the herniated mass and it is a demanding technique to perform in such cases but by PED technique it is a safe and easy to perform. Ruetten et al. stated the usefulness of PED on recurrent HNP [18] and emphasized its utility [19] . Shin et al. [20] did revision surgeries on 41 cases and found excellent outcomes in more than 90% cases.
Clinical Outcome
Yeung and Tsou [10] reported that the clinical outcome of PTED in comparison with conventional method of treatment for lumbar disc herniation was almost similar by performing PTED in 307 cases, in which they found that the outcome was satisfactory in 90% of cases which is also observed in conventional method. Another author named Ruetten et al. [21] also have conducted PTED in several patients and compared it with microdiscectomy where he found that 82% of patients have no pain after surgery and few have occasional pain those who were treated by microdiscectomy. Birkenmaier et al. [22] explained why present technique of surgery PTED is safe and more beneficial than the conventional technique of surgery after comparing the studies of both technique in similar numbers and concluded that current technique of PTED is beneficial than conventional technique due to shorter operating time, less blood loss, less surgery related complications, less surgical site pain after surgery, less need of postoperative medication for pain, shorter hospital stay, return to work in less time and also due to cosmetic and economic point of view.
Complications
Regarding complication for the treatment of lumbar disc herniation by percutaneous transforaminal endoscopic discectomy, it has less complication than other techniques which is an advantage for this technique because of less tissue injury, small incision and minimal internal tissue damage along with minimized scar tissue [23] [24], even though it have few complications such as dysaesthesia or hyperaesthesia. Injury to the exiting nerve also occurs due to faulty insertion of the cannula and over infiltration of local anesthesia lidocaine at the operation level, exiting nerve root injury can be prevented by carefully insertion of cannula by walking technique and intermittent fluoroscopic view, and giving adequate amount of lidocaine prevents nerve irritation (exiting nerve and dorsal root ganglion). Cauda equine injury, Dural tear, Hematoma formation, Surgical site infection and Major vessel injury are some other complications which can occur during the percutaneous endoscopic discectomy. To prevent this kind of complications surgeon should be well trained and have patience, as Transforaminal Endoscopic Discectomy Surgery has a steep learning curve which requires many years of training and experience, patients who were treated at the beginning of the learning curve have bad experience of pain and outcome was worst [25] - [29] . Another most important complication while performing TED is intracranial hypertension which surgeon should be careful of it and the indication of intracranial hypertension is headache, seizure and neck pain during the surgery, so the surgeon should always ask the patient about it intermittently during the operation and try to finish the operation as soon as possible without complications. Choi et al. [30] reported that some of his patients have seizure and neck pain during the operation which is a warning sign because it may be fatal and cause of death due to intracranial hypertension.
Future Research
To know the effectiveness of the PTED for the treatment of lumbar disc herniation a high-quality, randomized controlled trial with large sample size should be done by comparing with conventional discectomy, open microdiscectomy and other techniques. Recently two kinds of new techniques are introduced using PED to treat disc herniation; lumbar spinal canal stenosis by laminectomy with a high speed drill [31] and radiofrequency thermal annuloplasty for discogenic low back pain [32] [33].
Conclusion
This review assessed the technique and effectiveness of Percutaneous Transforaminal Endoscopic Discectomy for the treatment of symptomatic Lumbar Disc Herniation, it also emphasized its advantages over other methods of discectomy and conventional method of treatment. There are several authors who have published their papers to show the different techniques of PTED and its usefulness, but there are not so many trials regarding this technique which can definitely state the effectiveness. Eventhough as far as the article is published, it shows that PTED is safe and as effective as the other techniques. This technique also has some drawbacks, such as surgeons
